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ABSTRACT
The monomer 1,1 ,-divinyl-2,2’-biimidazole was prepared using a
previously published procedure (1). The new divinyl biimidazole polymer
was then synthesized from this monomer. The polymer was characterized
by infrared and ultraviolet-visible spectroscopy.
Nuclear magnetic
resonance confirms the structure of the polymer. Also, gel permeation
chromatography was used to determine molecular weight, while
differential scanning calorimetry was used to determine the glass
transition temperature and crystalline melting point of the polymer.
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INTRO DUC TIO N

Polymers that can bind metals or conduct electricity are being
sought for a wide variety of uses. These polymers are often used in
models of physiological processes. This is especially true of compounds
containing the imidazole ring because the imidazole ring is found in the
histidyl group of some amino acids. Metal binding polymers can also be
used for selective metal chelating. Electrically conducting polymers are
desired as light-weight semi-conducting materials.
An electrically
conducting polymer is even being used to create artifical neural networks
(2).
Poly(1l1,-divinyl-2f2,-biimidazole) was produced to determine its
metal binding ability and electrical conductivity. This research charac
terized the polymer so that the subsequent evaluation of chelating and
conducting ability can be made.
Poly(divinyl biimidazole) should have the ability to bind metals. The
biimidazole molecule has already been shown to form complexes with
many different metals (3). The incorporation of biimidazole in to this
polymer should yield a metal binding polymer.
Conducting polymers have been researched since the 1970’s. In
1977, polyacetylene was shown to have a conductivity around 1000
(ohm cm )-i after it was exposed to oxidizing or reducing agents
(dopants)(4). Other polymers have been made with varying degrees of
conductivity. Their use in batteries looks promising because they are
light weight and can be used at both electrodes. Conducting polymers tend
to have a large number of pi electrons in close proximity and a large
ultraviolet extinction coefficient (5). Polyvinylimidazole is one of the
polymers with some conductivity (6). Due to its similar structure,
Poly(divinyl biimidazole) should also be a conducting polymer.
EXPERIMENTAL
The dimethyl sulfoxide and methanol used in this research were
from the Fisher Chemical Company. The dimethyl formamide, ethanol, and
acetone were from the Aldrich Chemical Company. The glyoxal, ammonium
hydroxide, and potassium hydroxide were also from Aldrich. The
hydroquinone inhibitor was from Aldrich, and azobisisobutyronitrile
(AIBN) initiator was from Eastman-Kodak. The deuterated dimethyl
formamide and tetramethyl silane used in the nuclear magnetic resonance
(NMR) experiments were from Aldrich. The potassium bromide used for
infrared spectroscopy (IR) was also from Aldrich.
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The reactor used for making divinyl biimidazole was the Parr micro
reactor model number 4591. The Jeol 100 megahertz FT-NMR was used for
NMR. The IR spectra were produced using a Perkin-Elmer Fourier
Transform infrared spectrometer model number 1750.
Ultraviolet-Visible
(UV-Vis) spectra were produced by a Hewlett-Packard diode array
spectrophotometer model number 8452A. Differential Scanning
Calorimetry (DSC) was performed using a Perkin-Elmer DSC-4. The gel
permeation chromatography (GPC) was performed using a Beckman
spherogel column, dimethyl formamide solvent, and polystyrene molecular
weight standards.
2,2,-Biimidazole was produced by the reaction of ammonium
hydroxide and glyoxal (7). The biimidazole was purified by recrystalliza
tion from boiling water. The I J ’-divinyl^^’-biimidazole was produced
by the reaction of biimidazole with 20 psi of acetylene in dimethyl
sulfoxide with a potassium hydroxide catalyst (1). This product was
recrystallized from boiling ethanol. Product identification was confirmed
by melting point and NMR. The monomer was polymerized by refluxing in a
methanol solution containing AIBN for 48 hours. The polymer was then
precipitated from solution using acetone. This is similar to the solution
polymerization of vinyl imidazole (8). These reactions are shown in
Figure 1.
The divinyl biimidazole monomer was characterized by IR and NMR.
The divinyl biimidazole polymer was characterized by IR, NMR, UV-Vis,
DSC, and GPC.
RESU LTS
Proton nuclear magnetic resonance spectra are given for the
monomer and polymer-Figures 2 and 3, respectively. The multiplet peaks
at 7 ppm and 8 ppm are from the overlap of peaks for four hydrogen atoms.
The doublets at 5.0 and 5.6 ppm are due to vinylic hydrogens. These peaks
are smaller in the polymer NMR because the vinyl groups have reacted to
yield methylene groups instead. This is shown by the appearance of a peak
at 2.2 ppm characteristic of a methylene hydrogen. Because the vinyl
peaks have not completely disappeared, complete cross-linking of the
polymer did not occur; however, polymer branching is high. Peak size
indicates about 20% of the vinyl groups did not react, but this figure can
probably be controlled by varying polymerization conditions. Other NMR
peaks can be attributed to solvent effects.
Infrared spectra of monomer and polymer are included-Figures 4 and
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5, respectively. A UV-Vis spectrum of the polymer in a dimethyl
formamide solution is also included as Figure 6. The UV absorbance of
this solution peaks at a wavelength of 288 nanometers. The large UV
absorbance is directly proportional to a very large extinction coefficient.
The polymer’s glass transition temperature (Tg) was found to be
110oC. The crystalline melting point (mp) was 145 °C. The DSC curves
are Figures 7 and 8, and show the two peaks corresponding to Tg and mp.
Polymer molecular weight (weight average) was estimated to be
120,000 grams per mole. This estimate was made using a polystyrene
standard curve. Molecular weight, however, can be controlled by varying
polym erization conditions.

DISCUSSION
The NMR spectra help show that this is a highly branched polymer.
The IR spectra are helpful in showing the polymer identity also. The
unusually large UV absorbance at 288 nanometers is an indicator that this
polymer might conduct electricity. The polymer color should be noted as
well. The monomer is a brown powder and the polymer has a much darker
brown color. Molecular weight is characteristic of this type of polymer;
however, it must be stressed that the molecular weight given here is an
estimate only based on polystyrene standards, and that this value will
change upon variation of polymerization conditions. The crystalline
melting point shows that there is some degree of crystallinity in the
polymer.
There is a good possibility that this polymer will conduct
electricity. Metal binding may increase crystallinity and conductivity.
The extent of metal binding is the next step of this research. The
measurement of electrical conductivity of the polymer, uncomplexed and
complexed, would then be considered in the research of this polymer
system.
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Figure 5 - IR spectrum of polymer.

UV-Vis spectrum of a 0.1 g/L solution of
Poly(1,1' -Dlvinyl
2,2'-Bii mid azole)

Figure 6 - UV-Vis spectrum of polymer.
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